muscles will never recover, however early or adequate the operation upon the spinal lesion.
Birth Deformities Some children show no lower limb deformities at birth. It is interesting to discover that, in these children, there is almost always a completely normal faradic response in all the lower limb muscles and biopsies of the muscles show that they have an intact lower motor neurone innervation throughout. In other patients a wide variety of deformities may be seen, including dislocation of the hips as a true intrauterine deformity, recurvatum of the knees and all kinds of varus, calcaneus and other deformities of the feet. Faradic stimulation of the lower limbs in these children shows that the response of lower limb muscles almost always corresponds exactly with the deformity. If there is a dislocated hip, for instance, there is always a strong response in the hip flexors and adductors and a weak or completely absent response in the gluteal muscles. Where there is recurvatum of the knee, there is a strong response in the quadriceps and a weak or absent response in the hamstring muscles. When there is calcaneus deformity there is a strong response in the dorsiflexors and no response in the calf musculature. These findings imply that the deformities that present at birth are intrauterine paralytic deformities. Necropsy studies and experimental spina bifida in rats have confirmed that this is so. The importance of this finding is that it greatly influences the management of the deformity. The usual methods for treating congenital dislocation of the hip and birth deformities of the feet are not applicable because the deformities are likely to recur if the muscles that cause them have been retained by early operation on the spinal lesion. Operative correction of deformities and muscle balancing procedures such as we used to use in poliomyelitis are the main requirements for these children.
Orthopjxdic Surgery in Spina Bifida
The need for orthopedic surgical treatment for the paralysis and deformity that may result from spina bifida, whether the spinal lesion has been treated operatively or conservatively, is tremendous. If there is muscle imbalance at any joint, it is seldom possible to achieve permanent correction other than by operative means. Correction of deformities by plasters or splintage is often a dangerous manceuvre in children who are liable to pressure sores and a pressure sore that has once been allowed to develop in a foot is a tragedy which should never have occurred. For the same reason, I have completely abandoned the use of night splints; they fail to prevent deformity that cannot be held in check by simple passive stretch-ing. All kinds of tenotomies, muscle elongations, tendon transplants, osteotomies and bony excisions have been needed in one patient or another in order to achieve correction of deformity and to give maximum function in the remaining muscles in the lower limbs. Once deformity has been corrected and muscle balance achieved at each joint, physiotherapy, calipers and various aids to walking can result in a high proportion of children with independent mobility. No child with spina bifida should be relegated to a wheel chair until or unless all other attempts have failed. In a wheel chair he becomes tremendously obese, he is likely to develop ischial sores, renal drainage is poor and permanent fixed deformity of hips and knees may develop. Over 90% of children with myelomeningocele in our series who have reached the age of 5 years or more are capable of independent walking, some with calipers and some without.
Finally, some of the most difficult problems of spinal deformity at birth and those developing in the course of growth can be corrected by techniques that we are now developing in spinal osteotomy resection. In particular, the severe deformity of lumbar kyphosis associated with myelomeningocele can now be corrected by a combined orthopedic and neurosurgical technique on the first day of life to give a sound closure which still preserves maximal neurological function by filleting the bones and leaving the neural tissues intact.
Principles and Problems of Rehabilitation in Spina Bifida
Not so many years ago incontinence (as also epilepsy) proved an insurmountable barrier to a child's acceptance in most special schools and many other institutions, including long-stay hospitals such as the Chailey Heritage School and Hospital.
About sixteen years ago we started taking a few of the myelomeningocele children and found that a good deal could be achieved with a more active and vigorous programme. Unfortunately, many already had severe secondary deformities, chronic trophic lesions, often very advanced renal damage and appalling experiential deficits. In such circumstances results were limited and the educational attainments were often abysmally poor as the teacher had no background on which to build.
The urinary incontinence remained a problem as there were no suitable appliances available for boys. Also, for girls almost the only available technique was a suprapubic cystotomy: an unsatisfactory procedure at best and often difficult to maintain.
Since then there has been a striking advance in the whole approach: new techniques in the surgical field have led to the emergence of a planned sequential programme. Perhaps the greatest advance has been an appreciation of the need to relate treatment to the natural stage of a child's development.
Mobilization
At 7-8 months, the child can sit up in a nursery chair with a padded seat and playtray in front; this enables him to see round better. Another useful piece of equipment, made by our carpenter, is a small, low, self-propelling trolley mounted on Shepperd castors and wheels; this allows the child at 13-14 months to move around independently and safely, and encourages active arm, shoulder and trunk movements, which are valuable, as a preliminary to fitting him with calipers, pelvic and buttock support, and 'clumpers', (i.e. quadruped walkers), at 3-4 years of age. The amount of trunk support required with the equipment obviously varies with the level of the spinal lesion; in general, the higher the level the more extensive the support needed. At a later stage junior self-propelling chairs are useful, and of course appropriate modifications can be made, such as the provision of thick waterproof cushions, side support for scoliosis and leg supports when the knees are fixed in extension.
With high-level lesions, particularly in girls, it is important to work out how to fit the pelvic and trunk support to accommodate an ileal loop with its bag and waistband, and it may be necessary for normal surgical procedures to be modified to allow for the fitting of a suitable support.
Urological Management
The most urgent problem is to ensure free drainage of the bladder and to keep it emptied regularly. At first, in infancy and early childhood, regular manual expression by mother or nurse is the main method. In considering the problems of urinary incontinence Durham Smith (1965) has described three groups of patients: (1) Those with relaxed sphincters and continuous dribbling incontinence.
(2) Those with sphincter resistance and overflow incontinence. (3) A miscellaneous group including those with a small capacity bladder in high tension. He considered that a diversionary operation is frequently required for the first group, as the ureters are dilated and the bladder does not empty adequately.
Mr Forrest has referred to the need for surgery in such cases and our experience would support that opinion. An early excretion pyelogram (in infants with small veins it may be necessary to resort to an intramuscular pyelogram) and a cystogram are essential in the assessment of urinary function. Transurethral bladder neck resection has done much to reduce urinary infections. Probably some of the grossly enlarged ureters seen very early are true congenital defects.
IlealLoops
Diversionary procedures may be required for relief of incontinence or preservation of renal function. The former is particularly applicable to girls as boys can usually manage with a urinal. Views differ widely about timing: Durham Smith has tended to do the ileal loops or ureterostomies earlier than we have, even as young as 3 years old. We have usually waited until the children are about 7-8 years old, when they can be taught the management for themselves. Of 5 girls who had ileal loops ten years or more ago, 2 are alive and one of them has recently married. Of the other 3, one died three months after the loop was done, with an obstructed left ureter and a gross pyelonephritis and one died of urnmia after eight years. Both these children had severe renal damage at the time of admission. The third girl had just finished a secretarial training and started in employment when she was murdered very tragically.
Of the various procedures for incontinence in girls, ileocutaneous ureterostomy has proved most successful. Vesicotomy is difficult to manage and keep 'watertight' as the adhesive patches do not seal on to scar tissue satisfactorily. A suprapubic cystotomy also is liable to cause trouble because the track tends to stenose and it becomes difficult to change catheters. Of the 5 girls who had loops ten years ago, 3 had to be converted from suprapubic cystotomies as we could not maintain adequate drainage. Control of urinary incontinence is of great social importance; one of our girls told me that it made all the difference during her first Christmas at home as she could now go and visit her relatives.
Management of IlealLoops
The spout needs to be of adequate length, perhaps 1-1 5 inches (2 5-4 cm), to enable the urine to discharge into the bag and spare the skin inside the flange.
When there is poor renal function, excretion pyelography may not give good enough definition to decide the patency of the ureters. In these circumstances the ureters can usually be satisfactorily outlined by retrograde filling with 10% Hypaque solution. Partial obstruction in the loop sometimes occurs, either when the spout is too long, and becomes cedematous, or stenosis occurs at the peritoneal side of the stoma. This gives rise to severe colic and vomiting which can usually be relieved by inserting a Foley catheter into the loop and, if necessary, dilating the stoma with sounds under anesthesia. Inversion of the spout can be rectified by putting gentle traction on a Foley's catheter in the loop.
A severe kyphosis in the higher level lesions virtually precludes the construction and maintenance of an ileal loop, but we are hoping that earlier spinal fusion may obviate this problem. Also, a severe scoliosis with a concavity to the right means that the costal margin and iliac crest are so close that the ileal spout may have to be positioned more centrally.
Instructions for the management of the loops presented a real problem several years ago: family doctors knew little about the procedure and the parents needed advice, so we produced a simple brochure giving guidance on the essentials. There is a real need, too, for a standard pack which could be prescribed for the loop changes; this is now being considered.
We are sometimes asked about the possibility of pregnancy when an ileal loop has been performed. We know of at least one report of a successful pregnancy in such a patient (D F E Nash 1960, personal communication).
One last point in connexion with the ileal loop:
it is important to complete any orthopedic surgery involving the right hip before constructing a loop because of the difficulty of isolating the spout from the operation area. As regards training in 'self-care', our experience suggests that, provided the child has an IQ of at least 65-70, he can achieve independence: below that level supervision will be essential. Infection in the residual bladder can be a problem but can usually be dealt with by dilatation of the urethra and washouts, although excision may occasionally be necessary.
Boys and Urinals
Normally, when a boy is fitted with calipers he is also given a urinal of the small diaphragm type. Provided the penis is protected with barrier cream it usually functions satisfactorily. For older boys, from about 7-8 years old, the pubic pressure urinal is used; this has been fairly satisfactory but we have experienced trouble with pressure lesions on the under surface of the shaft of the penis. I suspect that priapism at puberty is a factor in these boys, but we are trying padding the rim with foam latex and we are re-examining the design of the urinals to obviate the difficulty. Occasionally with a lordosis or with under-developed genitalia it is difficult to get a 'watertight' fit with a urinal. For these boys, in the prepubertal phase, it has been found that sealing the urinal flange directly to the skin with Warne's Skin Adhesive has solved the problem. When the pubic hair begins to grow it has to be shaved off before the adhesive can be applied and this may be an indication for a diversionary operation. Unless the equipment is virtually 100 % reliable it is socially unacceptable.
Further Aspects ofManagement
At puberty it is important to check that the prostate does not cause obstruction to bladder drainage.
Renal and vesical calculi are occasional complications.
Suppressor drugs have a useful place in the control of infection; as far as possible one is guided in their selection by the sensitivities of the organisms. Nitrofurantoin is valuable. Acute episodes of infection need vigorous appropriate trealment. Pyocyaneus infections have proved the m';:t ititractable and are relatively common. The-,; children do not tolerate dehydration at all well and this may be a big factor in stone formation, so it is important to advise parents that a generous fluid intake is especially important during hot weather and febrile illnesses.
Bowel Training
This must be instituted early and the aim should be a regular early morning routine action. The majority of these children tend to be constipated, and overloading with retention overflow needs to be guarded against. Mothers can quickly be taught to palpate the abdomen and recognize the condition. Mild laxatives, suppositories and enemata are all useful on occasion. In some the whole perineal floor is lax and prolapse occurs; these cases can be very difficult and such children may have to wear sundries and plastic pants to avoid social embarrassment.
Valve Shunts
Eckstein & Macnab (1966) reported that 40% of their cases needed revision of the shunts. Of the 22 children at present at Chailey with ventriculoatrial shunts 11 have required revision. Of those done within the first year the catheter tended to be withdrawn at about the age of 5 and a close watch is needed. We now try to keep a radiological check at six-month intervals, to avoid the need for emergency revision. Increased irritability, drowsiness, headache and rarely sudden loss of consciousness may be indicative of a blocked shunt. We prefer the Spitz-Holter valve: it can be demonstrated radiologically, whereas the Pudenz valve is non-opaque and only recently has a radioopaque tip been provided for the cardiac catheter. In one boy a fall with a head injury resulted in detachment of the catheter.
Head protection may be valuable and a lined plastic helmet made from a plaster of paris cast has saved injuries.
Trophic Lesions
The common sites for trophic lesions are the buttocks, sacral areas and at caliper tops. Careful checking of the appliance is necessary to avoid skin injury. Stitching on the inside of the bucket top sometimes causes skin damage; the other sites affected may include the genitalia and toesespecially the tip of the hallus with a flexion deformity; these are best treated by amputation of the terminal phalanx. A curious lesion on the heel is occasionally seen; it is probably due to percussion (Quibell 1965 ) and causes a deep subcutaneous hematoma which breaks down. In three adolescent boys it has caused so much loss of mobility that a below-knee amputation followed by the fitting of a prosthesis was deemed to be necessary. Plastic surgery can be invaluable in getting good full-thickness skin cover, for example in the buttock or sacral areas. As part of self-care training, the children must learn the hazards of anesthetic skin by testing bath temperatures, avoiding sitting on hot radiators and using a cushion when sitting on hard chairs. Trophic lesions are commoner than is generally recognized. I feel that there is a need for intensive study of the mechanism and treatment of these lesions which can cause a great deal of debility and time off work.
Fractures
Fractures are a not uncommon complication. They may involve femur, tibia and fibula, usually around the knee. Frequently they are 'silent' owing to the anesthesia, and swelling or deformity of the limb may be the first indication. Epiphyseal damage can also occur from a relatively mild twist injury of the knee and may lead to premature fusion and secondary deformities.
Prolonged immobilization should be avoided whenever possible, to avoid the danger of increased osteoporosis and further fractures.
In more active adolescents, following surgery for the tarsal region, Charcot-like changes may be seen around the ankle.
Visual Defects
Squints are common and often need surgical treatment for therapeutic or cosmetic reasons. In the untreated hydrocephalic corneal damage from exposure can occur and tarsorrhaphy may be required.
Conclusion
It is clear that the problem of rehabilitating these children is complicated, difficult and challenging. It involves a large team including doctors, nurses, physiotherapists, social workers, psychologists, appliance makers and others. It can be a severe ordeal for the child. For example, a girl now aged 6+ had a Spitz-Holter valve put in, the back repaired, a transurethral resection, right and left ileopsoas transplants, a rotation osteotomy of the tibia, removal of tonsils and adenoids and a revision of the valveeight operations to date and she will soon have an ileal loop. She has an IQ of 78 and is a lively active child, but the parents were originally told that she would not survive.
Communication between parents, hospital, school health service and family doctor is important. Parents need advice on many aspects. Adequate housing with proper toilet and bath facilities is important and there should be the minimum of architectural barriers. Swinyard (1964) has produced a useful brochure for parents and the Association for Spina Bifida and Hydrocephalus will probably make copies of it available in this country.
For the future, we need to know more about the urological management, and more knowledge of the mechanism and prevention of trophic lesions would be valuable.
I agree with Eckstein & Macnab (1966) that more special provision at the educational age is certainly needed, and a national plan for adequate distribution of the supporting services would be an asset.
